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(54) Keyword detection in a speech signal

(57) A speech recognition apparatus 100 comprises
a speech analyzer 103 which extracts feature patterns
of spontaneous speech divided into frames; a keyword
model database (104, 105) 104 which prestores key-
word which represent feature patterns of a plurality of
keywords to be recognized; a garbage model database
(104, 105) 105 which prestores feature patterns of com-
ponents of extraneous speech to be identified; and a first
likelihood calculator 106 which calculates likelihood of

feature values based on feature values patterns of each
frames and keywords; a second likelihood calculator
107 which calculates likelihood of feature values based
on feature values patterns of each frames and extrane-
ous speech. The device 100 recognizes keywords con-
tained in the spontaneous speech by calculating cumu-
lative likelihood based on the calculated likelihood add-
ing a predetermined correction value in the second like-
lihood calculator 107.
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Description

[0001] The present invention relates to a technical field regarding speech recognition by an HMM (Hidden Markov
Models) method and, particularly, to a technical field regarding recognition of keywords from spontaneous speech.
[0002] In recent years, speech recognition apparatus have been developed which recognize spontaneous speech
uttered by man. When a man speaks predetermined words, these devices recognize the spoken words from their input
signals.
[0003] For example, various devices equipped with such a speech recognition apparatus, such as an navigation
system mounted in a vehicle for guiding the movement of the vehicle and personal computer, will allow the user to
enter various information without the need for manual keyboard or switch selecting operations.
[0004] Thus, for example, the operator can enter desired information in the navigation system even in a working
environment where the operator is driving the vehicle by using his/her both hands
[0005] Typical speech recognition methods include a method which employs probability models known as HMM
(Hidden Markov Models).
[0006] In the speech recognition, the spontaneous speech is recognized by matching patterns of feature values of
the spontaneous speech with patterns of feature values of speech which are prepared in advance and represent can-
didate words called keywords.
[0007] Specifically, in the speech recognition, feature values of inputted spontaneous speech (input signals) divided
into segments of a predetermined duration are extracted by analyzing the inputted spontaneous speech, the degree
of match (hereinafter referred to as likelihood) between the feature values of the input signals and feature values of
keywords represented by HMMs prestored in a database is calculated, likelihood over the entire spontaneous speech
is accumulated, and the keyword with the highest likelihood as a recognized keyword is decided.
[0008] Thus, in the speech recognition, the keywords is recognized based on the input signals which is spontaneous
speech uttered by man.
[0009] Incidentally, an HMM is a statistical source model expressed as a set of transitioning states. It represents
feature values of predetermined speech to be recognized such as a keyword. Furthermore, the HMM is generated
based on a plurality of speech data sampled in advance.
[0010] It is important for such speech recognition how to extract keywords contained in spontaneous speech.
[0011] Beside keywords, spontaneous speech generally contains extraneous speech, i.e. previously known words
that is unnecessary in recognition (words such as "er" or "please" before and after keywords), and in principle, spon-
taneous speech consists of keywords sandwiched by extraneous speech.
[0012] Conventionally, speech recognition often employs "word-spotting" techniques to recognize keywords to be
speech-recognized.

in the word-spotting techniques, HMMs which represent not only keyword models but also and HMMs which
represent extraneous speech models (hereinafter referred to as garbage models) are prepared, and spontaneous
speech is recognized by recognizing a keyword models, garbage models, or combination thereof whose feature values
have the highest likelihood.
[0013] Generally, keywords are recognizes by identifying a plurality of extraneous speech using one HMM which is
generated based on a plurality of speech segments. However, low likelihoods are accumulated relatively because a
plurality of the extraneous speech is identified by using one HMM. Accordingly, device for recognizing spontaneous
speech described above is prone to misrecognition.
[0014] The present invention has been made in view of the above problems. Its object is to provide a speech rec-
ognition apparatus which can achieve high speech recognition performance without increasing the data quantity of
feature values of extraneous speech.
[0015] The above object of present invention can be achieved by a speech recognition apparatus of the present
invention. The speech recognition apparatus for recognizing at least one of keywords contained in uttered spontaneous
speech is provided with: an extraction device for extracting a spontaneous-speech feature value, which is feature value
of speech ingredient of the spontaneous speech, by analyzing the spontaneous speech; a database in which at least
one of keyword feature data indicating feature value of speech ingredient of the keyword and at least one of an extra-
neous-speech feature data indicating feature value of speech ingredient of extraneous-speech is prestored, a calcu-
lation device for calculating likelihood which indicates probability that at least part of the feature values of the extracted
spontaneous speech is matched with the keyword feature data and the extraneous-speech feature data; and a deter-
mining device for determining at least one of the keywords to be recognized and the extraneous-speech based on the
calculated likelihood, wherein the calculation device calculates the likelihood by using a predetermined correction value
when the calculation device calculates the likelihood which indicates probability that at least part of the feature values
of the extracted spontaneous speech is matched with the extraneous-speech feature data.
[0016] According to the present invention, the likelihood is calculated based on the extracted spontaneous-speech
feature value and the extraneous-speech feature data adjusted by a predetermined correction value, and at least one
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of the keywords and the extraneous speech to be recognized is determined based on the calculated likelihood.
[0017] Accordingly, even under conditions in which misrecognition could occur due to noise level around where the
spontaneous speech is uttered or due to such as calculation error produced when the likelihood calculated by using
extraneous-speech feature data combined characteristics of a plurality of feature values to reduce the amount of data,
since the likelihood which indicates probability that at least part of the feature value of the extracted spontaneous
speech is matched with the extraneous-speech component feature data can be adjusted by the predetermined cor-
rection value, the keyword and the extraneous-speech can be identified properly. Therefore, it is possible to prevent
misrecognition and recognize keyword reliably.
[0018] In one aspect of the present invention, the speech recognition apparatus of the present invention is further
provided with; a setting device for setting the correction value based on noise level around where the spontaneous
speech is uttered, wherein the calculation device calculates the likelihood by using the set correction value when the
calculation device calculates the likelihood which indicates probability that at least part of the feature values of the
extracted spontaneous speech is matched with the extraneous-speech feature data.
[0019] According to the present invention, the determined correction value is set based on noise level around where
the spontaneous speech is uttered, and likelihood is calculated based on the feature values of the extracted sponta-
neous speech, the extraneous-speech feature data adjusted by the set correction value, and the acquired keyword
feature data
[0020] Accordingly, even under conditions in which misrecognition could occur due to noise level around where the
spontaneous speech is uttered, since the likelihood which indicates probability that at least part of the feature values
of the extracted spontaneous speech is matched with the extraneous-speech components feature data can be adjusted
by the set correction value, the keyword and the extraneous-speech can be identified properly. Therefore, it is possible
to prevent misrecognition and recognize keyword reliably.
[0021] In one aspect of the present invention, the speech recognition apparatus of the present invention is further
provided with; a setting device for setting the correction value based on the ratio between duration of the determined
keyword and duration of the spontaneous speech when the determining device determines at least one of the keywords
to be recognized and the extraneous speech based on the calculated likelihood, and wherein the calculation device
calculates the likelihood by using the set correction value when the calculation device calculates the likelihood which
indicates probability that at least part of the feature values of the extracted spontaneous speech is matched with the
extraneous-speech feature data.
[0022] According to the present invention, the determined correction value is set based on the ratio between duration
of the determined keyword and duration of the spontaneous speech, and likelihood is calculated based on the feature
value of the extracted spontaneous speech, the extraneous-speech feature data adjusted by the set correction value,
and the acquired keyword feature data
[0023] Accordingly, even under conditions in which misrecognition could occur due to such as calculation error pro-
duced when calculating the likelihood using extraneous-speech feature data combined characteristics of a plurality of
feature values to reduce the amount of data, since the likelihood which indicates probability that at least part of the
feature value of the extracted spontaneous speech is matched with the extraneous-speech components feature data
can be adjusted by the set correction value, the keyword and the extraneous-speech can be identified properly. There-
fore, it is possible to prevent misrecognition and recognize keyword reliably.
[0024] In one aspect of the present invention, the speech recognition apparatus of the present invention is further
provided with; wherein the extraneous-speech feature data prestored in the database has data of feature values of
speech ingredient of a plurality of the extraneous-speech.
[0025] According to the present invention, the likelihood is calculated based on the extracted spontaneous-speech
feature values, the adjusted extraneous-speech feature data which has data of feature values of speech ingredient of
a plurality of the extraneous-speech, and the acquired keyword feature data
[0026] Accordingly, since the likelihood is calculated based on data of feature values of speech ingredient of a plurality
of the extraneous-speech, it is possible to identify the extraneous speech properly using a small amount of data in
recognizing the extraneous speech. Furthermore, even under conditions in which misrecognition could occur due to
such as calculation error produced when the likelihood calculated by using extraneous-speech feature data combined
characteristics of a plurality of feature values to reduce the amount of data, since the likelihood which indicates prob-
ability that at least part of the feature values of the extracted spontaneous speech is matched with the extraneous-
speech components feature data can be adjusted by the set correction value, the keyword and the extraneous-speech
can be identified properly. Therefore, it is possible to prevent misrecognition and recognize keyword reliably.
[0027] In one aspect of the present invention, the speech recognition apparatus of the present invention is further
provided with; in case where an extraneous-speech component feature data indicating feature value of speech ingre-
dient of extraneous-speech component which is component of the extraneous speech is prestored in the database,
wherein: the calculation device for calculating likelihood based on the extraneous-speech component feature data
when the calculation device calculates the likelihood which indicates probability that at least part of the feature values
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of the extracted spontaneous speech is matched with the extraneous-speech feature data and the determining device
for determining at least one of the keywords to be recognized and the extraneous-speech based on the calculated
likelihood.
[0028] According to the present invention, the likelihood is calculated based on the extracted spontaneous-speech
feature value, the adjusted extraneous-speech component feature data and the acquired keyword feature data, and
at least one of the keywords to be recognized and the extraneous-speech is determined based on the calculated
likelihood.
[0029] Accordingly, since the extraneous-speech and the keyword are identified by calculating the likelihood based
on the adjusted extraneous-speech component feature data, the extraneous-speech can be identified properly by using
a small amount of data in recognizing the extraneous speech. Therefore, it is possible to increase identifiable extra-
neous speech without increasing the amount of data required to recognize extraneous speech and improve the accu-
racy with which keyword is extracted and recognized.
[0030] Furthermore, even under conditions in which misrecognition could occur due to noise level around where the
spontaneous speech is uttered or due to such as calculation error produced when the likelihood is calculated by using
extraneous-speech feature data combined characteristics of a plurality of feature values to reduce the amount of data,
since the likelihood which indicates probability that at least part of the feature values of the extracted spontaneous
speech is matched with the extraneous-speech components feature data can be adjusted by the predetermined cor-
rection value, the keyword and the extraneous-speech can be identified properly. Therefore, it is possible to prevent
misrecognition and recognize keyword reliably.
[0031] The above object of present invention can be achieved by a speech recognition method of the present inven-
tion. A speech recognition method of recognizing at least one of keywords contained in uttered spontaneous speech
is provided with: an extraction process of extracting a spontaneous-speech feature value, which is feature value of
speech ingredient of the spontaneous speech, by analyzing the spontaneous speech; an acquiring process of acquiring
at least one of keyword feature data indicating feature value of speech ingredient of the keyword and at least one of
an extraneous-speech feature data indicating feature value of speech ingredient of extraneous-speech, the keyword
feature data and extraneous-speech feature data prestoring in a database; a calculation process of calculating likeli-
hood which indicates probability that at least part of the feature values of the extracted spontaneous speech is matched
with the keyword feature data and the extraneous-speech feature data; and a determination process of determining
at least one of the keywords to be recognized and the extraneous-speech based on the calculated likelihood, wherein
the calculation process calculates the likelihood by using a predetermined correction value when the calculation process
calculates the likelihood which indicates probability that at least part of the feature values of the extracted spontaneous
speech is matched with the extraneous-speech feature data.
[0032] According to the present invention, the likelihood is calculated based on the extracted spontaneous-speech
feature value and the extraneous-speech feature data adjusted by a predetermined correction value, and at least one
of the keywords and the extraneous speech to be recognized is determined based on the calculated likelihood.
[0033] Accordingly, even under conditions in which misrecognition could occur due to noise level around where the
spontaneous speech is uttered or due to such as calculation error produced when the likelihood calculated by using
extraneous-speech feature data combined characteristics of a plurality of feature values to reduce the amount of data,
since the likelihood which indicates probability that at least part of the feature values of the extracted spontaneous
speech is matched with the extraneous-speech components feature data can be adjusted by the predetermined cor-
rection value, the keyword and the extraneous-speech can be identified properly. Therefore, it is possible to prevent
misrecognition and recognize keyword reliably.
[0034] In one aspect of the present invention, the speech recognition method of the present invention is further
provided with; a setting process of setting the correction value based on noise level around where the spontaneous
speech is uttered, wherein the calculation process calculates the likelihood by using the set correction value when the
calculation process calculates the likelihood which indicates probability that at least part of the feature values of the
extracted spontaneous speech is matched with the extraneous-speech feature data.
[0035] According to the present invention, the determined correction value is set based on noise level around where
the spontaneous speech is uttered, and likelihood is calculated based on the feature values of the extracted sponta-
neous speech, the extraneous-speech feature data adjusted by the set correction value, and the acquired keyword
feature data
[0036] Accordingly, even under conditions in which misrecognition could occur due to noise level around where the
spontaneous speech is uttered, since the likelihood which indicates probability that at least part of the feature values
of the extracted spontaneous speech is matched with the extraneous-speech components feature data can be adjusted
by the set correction value, the keyword and the extraneous-speech can be identified properly. Therefore, it is possible
to prevent misrecognition and recognize keyword reliably.
[0037] In one aspect of the present invention, the speech recognition method of the present invention is further
provided with; a setting process of setting the correction value based on the ratio between duration of the determined
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keyword and duration of the spontaneous speech when the determination process determines at least one of the
keywords to be recognized and the extraneous speech based on the calculated likelihood, wherein the calculation
process calculates the likelihood by using the set correction value when the calculation process calculates the likelihood
which indicates probability that at least part of the feature values of the extracted spontaneous speech is matched with
the extraneous-speech feature data.
[0038] According to the present invention, the determined correction value is set based on the ratio between duration
of the determined keyword and duration of the spontaneous speech, and likelihood is calculated based on the feature
values of the extracted spontaneous speech, the extraneous-speech feature data adjusted by the set correction value,
and the acquired keyword feature data
[0039] Accordingly, even under conditions in which misrecognition could occur due to such as calculation error pro-
duced when calculating the likelihood using extraneous-speech feature data combined characteristics of a plurality of
feature values to reduce the amount of data, since the likelihood which indicates probability that at least part of the
feature values of the extracted spontaneous speech is matched with the extraneous-speech components feature data
can be adjusted by the set correction value, the keyword and the extraneous-speech can be identified properly. There-
fore, it is possible to prevent misrecognition and recognize keyword reliably.
[0040] In one aspect of the present invention, the speech recognition method of the present invention is further
provided with; wherein the extraneous-speech feature data prestored in the database has data of feature values of
speech ingredient of a plurality of the extraneous-speech.
[0041] According to the present invention, the likelihood is calculated based on the extracted spontaneous-speech
feature values, the adjusted extraneous-speech feature data which has data of feature values of speech ingredient of
a plurality of the extraneous-speech, and the acquired keyword feature data
[0042] Accordingly, since the likelihood is calculated based on data of feature values of speech ingredient of a plurality
of the extraneous-speech, it is possible to identify the extraneous speech properly using a small amount of data in
recognizing the extraneous speech. Furthermore, even under conditions in which misrecognition could occur due to
such as calculation error produced when the likelihood calculated by using extraneous-speech feature data combined
characteristics of a plurality of feature values to reduce the amount of data, since the likelihood which indicates prob-
ability that at least part of the feature values of the extracted spontaneous speech is matched with the extraneous-
speech components feature data can be adjusted by the set correction value, the keyword and the extraneous-speech
can be identified properly. Therefore, it is possible to prevent misrecognition and recognize keyword reliably.
[0043] In one aspect of the present invention, the speech recognition method of the present invention is further
provided with, in case where an extraneous-speech component feature data indicating feature value of speech ingre-
dient of extraneous-speech component which is component of the extraneous speech is prestored in the database,
wherein: the calculation process of calculating likelihood based on the extraneous-speech component feature data
when the calculation process calculates the likelihood which indicates probability that at least part of the feature values
of the extracted spontaneous speech is matched with the extraneous-speech feature data, and the determination
process of determining at least one of the keywords to be recognized and the extraneous-speech based on the calcu-
lated likelihood.
[0044] According to the present invention, the likelihood is calculated based on the extracted spontaneous-speech
feature value, the adjusted extraneous-speech component feature data and the acquired keyword feature data, and
at least one of the keywords to be recognized and the extraneous-speech is determined based on the calculated
likelihood.
[0045] Accordingly, since the extraneous-speech and the keyword are identified by calculating the likelihood based
on the adjusted extraneous-speech component feature data, the extraneous-speech can be identified properly by using
a small amount of data in recognizing the extraneous speech. Therefore, it is possible to increase identifiable extra-
neous speech without increasing the amount of data required to recognize extraneous speech and improve the accu-
racy with which keyword is extracted and recognized.
[0046] Furthermore, even under conditions in which misrecognition could occur due to noise level around where the
spontaneous speech is uttered or due to such as calculation error produced when the likelihood is calculated by using
extraneous-speech feature data combined characteristics of a plurality of feature values to reduce the amount of data,
since the likelihood which indicates probability that at least part of the feature values of the extracted spontaneous
speech is matched with the extraneous-speech components feature data can be adjusted by the predetermined cor-
rection value, the keyword and the extraneous-speech can be identified properly. Therefore, it is possible to prevent
misrecognition and recognize keyword reliably.

the above object of present invention can be achieved by a recording medium of the present invention. The
recording medium is a recording medium wherein a speech recognition program is recorded so as to be read by a
computer, the computer included in a speech recognition apparatus for recognizing at least one of keywords contained
in uttered spontaneous speech, the program causing the computer to function as: an extraction device for extracting
a spontaneous-speech feature value, which is feature value of speech ingredient of the spontaneous speech, by an-
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alyzing the spontaneous speech; an acquiring device for acquiring at least one of keyword feature data indicating
feature value of speech ingredient of the keyword and at least one of an extraneous-speech feature data indicating
feature value of speech ingredient of extraneous-speech, the keyword feature data and extraneous-speech feature
data prestoring in a database; a calculation device for calculating likelihood which indicates probability that at least
part of the feature values of the extracted spontaneous speech is matched with the keyword feature data and the
extraneous-speech feature data; and a determining device for determining at least one of the keywords to be recognized
and the extraneous-speech based on the calculated likelihood, wherein the calculation device calculates the likelihood
by using a predetermined correction value when the calculation device calculates the likelihood which indicates prob-
ability that at least part of the feature values of the extracted spontaneous speech is matched with the extraneous-
speech feature data.
[0047] According to the present invention, the likelihood is calculated based on the extracted spontaneous-speech
feature value and the extraneous-speech feature data adjusted by a predetermined correction value, and at least one
of the keywords and the extraneous speech to be recognized are determined based on the calculated likelihood.
[0048] Accordingly, even under conditions in which misrecognition could occur due to noise level around where the
spontaneous speech is uttered or due to such as calculation error produced when the likelihood calculated by using
extraneous-speech feature data combined characteristics of a plurality of feature values to reduce the amount of data,
since the likelihood which indicates probability that at least part of the feature values of the extracted spontaneous
speech is matched with the extraneous-speech components feature data can be adjusted by the predetermined cor-
rection value, the keyword and the extraneous-speech can be identified properly. Therefore, it is possible to prevent
misrecognition and recognize keyword reliably.
[0049] In one aspect of the present invention, the speech recognition program causes the computer to function as
a setting device for setting the correction value based on noise level around where the spontaneous speech is uttered,
wherein the calculation device calculates the likelihood by using the set correction value when the calculation device
calculates the likelihood which indicates probability that at least part of the feature values of the extracted spontaneous
speech is matched with the extraneous-speech feature data.
[0050] According to the present invention, the determined correction value is set based on noise level around where
the spontaneous speech is uttered, and likelihood is calculated based on the feature values of the extracted sponta-
neous speech, the extraneous-speech feature data adjusted by the set correction value, and the acquired keyword
feature data
[0051] Accordingly, even under conditions in which misrecognition could occur due to noise level around where the
spontaneous speech is uttered, since the likelihood which indicates probability that at least part of the feature values
of the extracted spontaneous speech is matched with the extraneous-speech components feature data can be adjusted
by the set correction value, the keyword and the extraneous-speech can be identified properly. Therefore, it is possible
to prevent misrecognition and recognize keyword reliably.
[0052] In one aspect of the present invention, the speech recognition program causes the computer to function as;
a setting device for setting the correction value based on the ratio between duration of the determined keyword and
duration of the spontaneous speech when the determining device determines at least one of the keywords to be rec-
ognized and the extraneous speech based on the calculated likelihood; and the calculation device calculates the like-
lihood by using the set correction value when the calculation device calculates the likelihood which indicates probability
that at least part of the feature values of the extracted spontaneous speech is matched with the extraneous-speech
feature data.
[0053] According to the present invention, the determined correction value is set based on the ratio between duration
of the determined keyword and duration of the spontaneous speech, and likelihood is calculated based on the feature
value of the extracted spontaneous speech, the extraneous-speech feature data adjusted by the set correction value,
and the acquired keyword feature data
[0054] Accordingly, even under conditions in which misrecognition could occur due to such as calculation error pro-
duced when calculating the likelihood using extraneous-speech feature data combined characteristics of a plurality of
feature values to reduce the amount of data, since the likelihood which indicates probability that at least part of the
feature values of the extracted spontaneous speech is matched with the extraneous-speech components feature data
can be adjusted by the set correction value, the keyword and the extraneous-speech can be identified properly. There-
fore, it is possible to prevent misrecognition and recognize keyword reliably.
[0055] In one aspect of the present invention, speech recognition program causes the computer to function as the
extraneous-speech feature data prestored in the database has data of feature values of speech ingredient of a plurality
of the extraneous-speech.
[0056] According to the present invention, the likelihood is calculated based on the extracted spontaneous-speech
feature values, the adjusted extraneous-speech feature data which has data of feature values of speech ingredient of
a plurality of the extraneous-speech, and the acquired keyword feature data
[0057] Accordingly, since the likelihood is calculated based on data of feature values of speech ingredient of a plurality



EP 1 355 296 A2

5

10

15

20

25

30

35

40

45

50

55

7

of the extraneous-speech, it is possible to identify the extraneous speech properly using a small amount of data in
recognizing the extraneous speech. Furthermore, even under conditions in which misrecognition could occur due to
such as calculation error produced when the likelihood calculated by using extraneous-speech feature data combined
characteristics of a plurality of feature values to reduce the amount of data, since the likelihood which indicates prob-
ability that at least part of the feature values of the extracted spontaneous speech is matched with the extraneous-
speech components feature data can be adjusted by the set correction value, the keyword and the extraneous-speech
can be identified properly. Therefore, it is possible to prevent misrecognition and recognize keyword reliably.
[0058] In one aspect of the present invention, in case where an extraneous-speech component feature data indicating
feature value of speech ingredient of extraneous-speech component which is component of the extraneous speech is
prestored in the database, the speech recognition program causes the computer to function as: the calculation device
for calculating likelihood based on the extraneous-speech component feature data when the calculation device calcu-
lates the likelihood which indicates probability that at least part of the feature values of the extracted spontaneous
speech is matched with the extraneous-speech feature data, and the determining device for determining at least one
of the keywords to be recognized and the extraneous-speech based on the calculated likelihood.
[0059] According to the present invention, the likelihood is calculated based on the extracted spontaneous-speech
feature value, the adjusted extraneous-speech component feature data and the acquired keyword feature data, and
at least one of the keywords to be recognized and the extraneous-speech is determined based on the calculated
likelihood.
[0060] Accordingly, since the extraneous-speech and the keyword are identified by calculating the likelihood based
on the adjusted extraneous-speech component feature data, the extraneous-speech can be identified properly by using
a small amount of data in recognizing the extraneous speech. Therefore, it is possible to increase identifiable extra-
neous speech without increasing the amount of data required to recognize extraneous speech and improve the accu-
racy with which keyword is extracted and recognized.
[0061] Furthermore, even under conditions in which misrecognition could occur due to noise level around where the
spontaneous speech is uttered or due to such as calculation error produced when the likelihood is calculated by using
extraneous-speech feature data combined characteristics of a plurality of feature values to reduce the amount of data,
since the likelihood which indicates probability that at least part of the feature values of the extracted spontaneous
speech is matched with the extraneous-speech components feature data can be adjusted by the predetermined cor-
rection value, the keyword and the extraneous-speech can be identified properly. Therefore, it is possible to prevent
misrecognition and recognize keyword reliably.
[0062] In the drawings:-

FIG. 1 is a diagram showing a speech recognition apparatus according to a first embodiment of the present inven-
tion, wherein an HMM-based speech language model is used;
FIG. 2 is a diagram showing an HMM-based speech language model for recognizing arbitrary spontaneous speech;
FIG. 3 A is graphs showing cumulative likelihood of an extraneous-speech HMM for an arbitrary combination of
extraneous speech and a keyword;
FIG. 3 B is graphs showing cumulative likelihood of extraneous-speech component HMM for an arbitrary combi-
nation of extraneous speech and a keyword;
FIG. 4 is an exemplary diagram showing how transitions take place in speech language model states when a
correction value is added to or subtracted from likelihood;
FIG. 5 is a diagram showing configuration of a speech recognition apparatus according to a first embodiment of
the present invention;
FIG. 6 is a flowchart showing operation of a keyword recognition process according to the first embodiment;
FIG. 7 is a diagram showing configuration of a speech recognition apparatus according to a second embodiment
of the present invention; and
FIG. 8 is a flowchart showing operation of a keyword recognition process according to the second embodiment.

[0063] The present invention will now be described with reference to preferred embodiment shown in the drawings.
[0064] The embodiments described below are embodiments in which the present invention is applied to speech
recognition apparatus.
[0065] Extraneous-speech components described in this embodiment represent basic phonetic units, such as pho-
nemes or syllables, which compose speech, but syllables will be used in this embodiment for convenience of the
following explanation.

[First embodiment]

[0066] FIGS. 1 to 6 are diagrams showing a first embodiment of a speech recognition apparatus according to the
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present invention.
[0067] First, an HMM-based speech language model according to this embodiment will be described with reference
to FIG. 1 and FIG. 2.
[0068] FIG. 1 is a diagram showing an HMM-based speech language model of a recognition network according to
this embodiment, and FIG. 2 is a diagram showing a speech language model for recognizing arbitrary spontaneous
speech using arbitrary HMMs.
[0069] This embodiment assumes a model (hereinafter referred to as a speech language model) which represents
an HMM-based recognition network such as the one shown in FIG. 1, i.e., a speech language model 10 which contains
keywords to be recognized.
[0070] The speech language model 10 consists of keyword models 11 connected at both ends with garbage models
(hereinafter referred to as component models of extraneous-speech) 12a and 12b which represent components of
extraneous speech. In case where keyword contained in spontaneous speech is recognized, a keyword contained in
spontaneous speech is identified by matching the keyword with the keyword models 11, and extraneous speech con-
tained in spontaneous speech is identified by matching the extraneous speech with the component models of extra-
neous-speech 12a and 12b.
[0071] Actually, the keyword models 11 and component models of extraneous-speech 12a and 12b represent a set
of states which transition each arbitrary segments of spontaneous speech. The statistical source models "HMMs" which
is an unsteady source represented by combination of steady sources composes the spontaneous speech.
[0072] The HMMs of the keyword models 11 (hereinafter referred to as keyword HMMs) and the HMMs of the extra-
neous-speech component models 12a and 12b (hereinafter referred to as extraneous-speech component HMMs) have
two types of parameter. One parameter is a state transition probability which represents the probability of the state
transition from one state to another, and another parameter is an output probability which outputs the probability that
a vector (feature vector for each frame) will be observed when a state transitions from one state to another. Thus, the
HMMs of the keyword models 11 represents a feature pattern of each keyword, and extraneous-speech component
HMMs 12a and 12b represents feature pattern of each extraneous-speech component.
[0073] Generally, since even the same word or syllable shows acoustic variations for various reasons, speech sounds
composing spontaneous speech vary greatly with the speaker. However, even if uttered by different speakers, the
same speech sound can be characterized mainly by a characteristic spectral envelope and its time variation. Stochastic
characteristic of a time-series pattern of such acoustic variation can be expressed precisely by an HMM.
[0074] Thus, as described below, in this embodiment, keywords contained in the spontaneous speech are recognized
by matching feature values of the inputted spontaneous speech with keyword HMMs and extraneous-speech HMMs
and calculating likelihood.
[0075] Incidentally, the likelihood indicates probability that feature values of the inputted spontaneous speech is
matched with keyword HMMs and extraneous-speech.
[0076] According to this embodiment, a HMM is a feature pattern of speech ingredient of each keyword or feature
value of speech ingredient of each extraneous-speech component. Furthermore, the HMM is a probability model which
has spectral envelope data that represents power at each frequency at each regular time intervals or cepstrum data
obtained from an inverse Fourier transform of a logarithm of the power spectrum.
[0077] Furthermore, the HMMs are created and stored beforehand in each databases by acquiring spontaneous
speech data of each phonemes uttered by multiple people, extracting feature patterns of each phonemes, and learning
feature pattern data of each phonemes based on the extracted feature patterns of the phonemes.
[0078] When keywords contained in spontaneous speech are recognized by using such HMMs, the spontaneous
speech to be recognized is divided into segments of a predetermined duration and each segment is matched with each
prestored data of the HMMs, and then the probability of the state transition of these segments from one state to another
are calculated based on the results of the matching process to identify the keywords to be recognized.
[0079] Specifically, in this embodiment, the feature value of each speech segment are compared with the each feature
pattern of prestored data of the HMMs, the likelihood for the feature value of each speech segment to match the HMM
feature patterns is calculated, cumulative likelihood which represents the probability for a connection among all HMMs,
i.e., a connection between a keyword and extraneous speech is calculated by using matching process (described later),
and the spontaneous speech is recognized by detecting the HMM connection with the highest likelihood.
[0080] The HMM, which represents an output probability of a feature vector, generally has two parameters; a state
transition probability a and an output probability b, as shown in FIG. 2. The output probability of an inputted feature
vector is given by a combined probability of a multidimensional normal distribution and the likelihood of each state is
given by Eq. (1).
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Incidentally x is the feature vector of an arbitrary speech segment, Σi is a covariance matrix, λ is a mixing ratio, µi is
an average vector of feature vectors learned in advance, and P is the number of dimensions of the feature vector of
the arbitrary speech segment.
[0081] FIG. 2 is a diagram showing a state transition probability a which indicates a probability when an arbitrary
state i changes to another state (i + n),and output probability b with respect to the state transition probability a. Each
graph in FIG. 2 shows an output probability that an inputted feature vector in a given state will be output.
[0082] Actually, logarithmic likelihood, which is the logarithm of Eq. (1) above, is often used for speech recognition,
as shown in Eq. (2).

[0083] Next, an extraneous-speech component HMM which is a garbage model will be described with reference to
FIG. 3.
[0084] FIG. 3 is graphs showing cumulative likelihood of an extraneous-speech HMM and extraneous-speech com-
ponent HMM in an arbitrary combination of extraneous speech and a keyword.
[0085] As described above, in the case of conventional speech recognition apparatus, since extraneous-speech
models are composed of HMMs which represent feature values of extraneous speech as with keyword models, to
identify extraneous speech contained in spontaneous speech, the extraneous speech to be identified must be stored
beforehand in a database.
[0086] The extraneous speech to be identified can include all speech except keywords ranging from words which
do not constitute keywords to unrecognizable speech with no linguistic content. Consequently, to recognize extraneous
speech contained in spontaneous speech properly, HMMs must be prepared in advance for a huge volume of extra-
neous speech.
[0087] Thus, in the conventional speech recognition apparatus, data on feature values of every extraneous speech
must be acquired to recognize extraneous speech contained in spontaneous speech properly, for example, by storing
it in databases. Accordingly, a huge amount of data must be stored in advance, but it is physically impossible to secure
areas for storing the data.
[0088] Furthermore, in the conventional speech recognition apparatus, it takes a large amount of labor to generate
the huge amount of data to be stored in databases or the like.
[0089] On the other hand, extraneous speech is also a type of speech, and thus it consists of components such as
syllables and phonemes, which are generally limited in quantity.
[0090] Thus, if extraneous speech contained in spontaneous speech is identified based on the extraneous-speech
components, it is possible to reduce the amount of data to be prepared as well as to identify every extraneous speech
properly.
[0091] Specifically, since any extraneous speech can be composed by combining components such as syllables and
phonemes, if extraneous speech is identified using data on such components prepared in advance, it is possible to
reduce the amount of data to be prepared and identify every extraneous speech properly.
[0092] Generally, a speech recognition apparatus which recognizes keywords contained in spontaneous speech
divides the spontaneous speech into speech segments at predetermined time intervals (as described later), calculates
likelihood that the feature value of each speech segment matches a garbage model (such as an extraneous-speech
HMM) or each keyword model (such as a keyword HMM) prepared in advance, accumulates the likelihood of each
combination of a keyword and extraneous speech based on the calculated likelihoods of each speech segments of
each extraneous speech HMM and each keyword model HMM, and thereby calculates cumulative likelihood which
represents HMM connections.
[0093] When extraneous-speech HMMs to recognize the extraneous speech included in the spontaneous speech
are not prepared in advance as is the case with conventional speech recognition apparatus, feature values of speech
in the portion corresponding to extraneous speech in spontaneous speech show low likelihood of a match with both
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extraneous-speech HMMs and keywords HMMs as well as low cumulative likelihood of them, which will cause mis-
recognition.
[0094] However, when speech segments are matched with an extraneous-speech component HMM, feature values
of extraneous speech in spontaneous speech shows high likelihood of match with prepared data which represents
feature values of extraneous-speech component HMMs. Consequently, if feature values of a keyword contained in the
spontaneous speech match keyword HMM data, cumulative likelihood of the combination of the keyword and the
extraneous speech contained in the spontaneous speech is high, making it possible to recognize the keyword properly.
[0095] For example, when extraneous-speech HMMs which indicates garbage models of the extraneous speech
contained in spontaneous speech are provided in advance as shown in FIG. 3(a), there is no difference in cumulative
likelihood from the case where an extraneous-speech component HMM is used, but when extraneous-speech HMMs
which indicates garbage models of the extraneous speech contained in spontaneous speech are not provided in ad-
vance as shown in FIG. 3(b), cumulative likelihood is low compared with the case where an extraneous-speech com-
ponent HMM is used.
[0096] Thus, since this embodiment calculates cumulative likelihood using the extraneous-speech component HMM
and thereby identifies extraneous speech contained in spontaneous speech, it can identify the extraneous speech
properly and recognize keywords, using a small amount of data.
[0097] Next, with reference to FIG. 4, description will be given of how to adjust likelihoods by adding a correction
value to the extraneous-speech component HMM according to this embodiment.
[0098] FIG. 4 is an exemplary diagram showing how transitions take place in speech language model states when
a correction value is added to or subtracted from likelihood.
[0099] According to this embodiment, when calculating the likelihood of a match between each feature data of the
extraneous-speech component HMM prepared in advance and the feature value of each frame, a correction value is
added to the likelihood.
[0100] Specifically, according to this embodiment, as shown in Eq. (3), the correction value α is added only to the
likelihood of a match--given by Eq. (2) above--between the feature data of the extraneous-speech component HMM
and the feature value of each frame to adjust. In this way, the probabilities which represent each likelihoods are adjusted
forcefully.

[0101] According to this embodiment, as described later, extraneous speech is identified by using an HMM which
represents feature values of extraneous-speech components. Basically, a single extraneous-speech component HMM
has features of all components of extraneous speech such as phonemes and syllables, and thus every extraneous
speech is identified by using this extraneous-speech component HMM.
[0102] However, the extraneous-speech component HMM which covers all the components has a lower likelihood
of a match to the extraneous-speech components composing the extraneous speech to be identified than do extrane-
ous-speech component HMMs each of which has the feature value of only one component. Consequently, if this method
is used in calculating cumulative likelihood over the entire spontaneous speech, a combination of extraneous speech
and a keyword irrelevant to spontaneous speech may be recognized.
[0103] In other words, a combination of extraneous speech and a keyword to be recognized may have a lower
cumulative likelihood than the one calculated for another combination of other extraneous speech and a keyword,
resulting in misrecognition.
[0104] Therefore, as shown in Eq. (3) above, according to this embodiment, misrecognition is prevented by adding
the correction value α only when the likelihood of the extraneous-speech component HMM is calculated and adjusting
the calculated likelihood in such a way as to increase the likelihood of the appropriate combination of the extraneous-
speech component HMM and keyword HMM over other combinations.
[0105] Specifically, as shown in FIG. 4, when the correction value α which is added to calculate the likelihood of the
extraneous-speech component HMM is positive, the likelihood of a match between the feature vector of each frame
of the spontaneous speech and the extraneous-speech component HMM becomes high. Consequently, the computa-
tional accuracy of likelihoods except the likelihood of keyword HMMs increases during speech recognition of the spon-
taneous speech, making speech recognition segments except those for keywords longer than when the correction
value α is not added.
[0106] Conversely, when the correction value α is negative, the likelihood of a match between the feature vector of
each frame of the spontaneous speech and the extraneous-speech component HMM becomes low. Consequently, the
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computational accuracy of likelihood except the likelihoods of keyword HMMs decreases during speech recognition of
the spontaneous speech, making speech recognition segments except those for keywords shorter than when the cor-
rection value α is not added.
[0107] Therefore, in addition to generating the extraneous-speech component HMM of each frame, storing it in the
garbage model database, and calculating their likelihood, according this embodiment, misrecognition is prevented by
adding the correction value α only when the likelihood of the extraneous-speech component HMM is calculated and
adjusting the calculated likelihood in such a way as to increase the likelihood of the appropriate combination of the
extraneous-speech component HMM and keyword HMM.
[0108] In this embodiment, as described later, the correction value α is set according to the noise level around where
the spontaneous speech is uttered.
[0109] Next, configuration of the speech recognition apparatus according to this embodiment will be described with
reference to FIG. 5.
[0110] FIG. 5 is a diagram showing the configuration of the speech recognition apparatus according to the first em-
bodiment of the present invention.
[0111] As shown in FIG. 5, the speech recognition apparatus 100 comprises: a microphone 101 which receives
spontaneous speech and converts it into electrical signals (hereinafter referred to as speech signals); input processor
102 which extracts speech signals that is matched with speech sounds from the inputted speech signals and splits
frames at a preset time interval; speech analyzer 103 which extracts a feature value of a speech signal in each frame;
keyword model database 104 which prestores keyword HMMs which represent feature patterns of a plurality of key-
words to be recognized; garbage model database 105 which prestores the extraneous-speech component HMM which
represents feature patterns of extraneous-speech to be distinguished from the keywords; first likelihood calculator 106
which calculates the likelihood that the extracted feature value of each frame match the keyword HMMs; second like-
lihood calculator 107 which calculates the likelihood that the extracted feature value of each frame match the extrane-
ous-speech component HMMs; correction processor 108 which makes corrections based on the noise level of collected
surrounding sounds when calculating likelihood for each frame based on the feature value of the frame and extraneous-
speech component HMM; matching processor 109 which performs a matching process (described later) based on the
likelihood calculated on a frame-by-frame HMMs basis; and determining device 110 which determines the keywords
contained in the spontaneous speech based on the results of the matching process.
[0112] The speech analyzer 103 serves as extraction device of the present invention, the keyword model database
104 and garbage model database 105 serve as storage device of the present invention. The first likelihood calculator
106 and second likelihood calculator 107 serve as calculation device and acquisition device of the present invention,
the matching processor 109 and determining device 110 serve as determining device of the present invention.
[0113] In the input processor 102, the speech signals outputted from the microphone 101 is inputted. In the input
processor 102 extracts those parts of the speech signals which represent speech segments of spontaneous speech
from the inputted speech signals, divides the extracted parts of the speech signals into time interval frames of a pre-
determined duration, and outputs them to the speech analyzer 103.
[0114] For example, a frame has a duration about 10 ms to 20 ms.
[0115] The speech analyzer 103 analyzes the inputted speech signals frame by frame, extracts the feature value of
the speech signal in each frame, and outputs it to the likelihood calculator 106.
[0116] Specifically, the speech analyzer 103 extracts spectral envelope data that represents power at each frequency
at regular time intervals or cepstrum data obtained from an inverse Fourier transform of the logarithm of the power
spectrum as the feature values of speech ingredient on a frame-by-frame basis, converts the extracted feature values
into vectors, and outputs the vectors to the first likelihood calculator 106 and the second likelihood calculator 107.
[0117] The keyword model database 104 prestores keyword HMMs which represent pattern data of the feature values
of the keywords to be recognized. Data of these stored a plurality of keyword HMMs represent patterns of the feature
values of a plurality of the keywords to be recognized.
[0118] For example, if it is used in navigation system mounted a mobile, the keyword model database 104 is designed
to store HMMs which represent patterns of feature values of speech signals including destination names or present
location names or facility names such as restaurant names for the mobile.
[0119] As described above, according to this embodiment, an HMM which represents a feature pattern of speech
ingredient of each keyword represents a probability model which has spectral envelope data that represents power at
each frequency at regular time intervals or cepstrum data obtained from an inverse Fourier transform of the logarithm
of the power spectrum.
[0120] Since a keyword normally consists of a plurality of phonemes or syllables as is the case with "present location"
or "destination," according to this embodiment, one keyword HMM consists of a plurality of keyword component HMMs
and the first likelihood calculator 106 calculates frame-by-frame feature values and likelihood of each keyword com-
ponent HMM.
[0121] In this way, the keyword model database 104 stores each keyword HMMs of the keywords to be recognized,
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that is, keyword component HMMs.
[0122] The garbage model database 105 prestores the HMM "the extraneous-speech component HMM" which is a
language model used to recognize the extraneous speech and represents pattern data of feature values of extraneous-
speech components.
[0123] According to this embodiment, the garbage model database 105 stores one HMM which represents feature
values of extraneous-speech components. For example, if a unit of syllable-based HMM is stored, this extraneous-
speech component HMM contains feature patterns which cover features of all syllables such as the Japanese syllablary,
nasal, voiced consonants, and plosive consonants.
[0124] Generally, to generate an HMM of a feature value for each syllable, speech data of each syllables uttered by
multiple people is preacquired, the feature pattern of each syllable is extracted, and feature pattern data of each syllable
is learned based on the each syllable-based feature pattern. According to this embodiment, however, when generating
the speech data, an HMM of all feature patterns is generated based on speech data of all syllables and the single
HMM--a language model is generated which represents the feature values of a plurality of syllables.
[0125] Thus, according to this embodiment, based on the generated feature pattern data, the single HMM, which is
a language model, has feature patterns of all syllables is generated, and it is converted into a vector, and prestored in
the garbage model database 105.
[0126] In he first likelihood calculator 106, the feature vector of each frame is inputted. Then, by comparing the
feature values of each inputted frames and the feature values of keyword HMMs stored in the keyword model database
104, the first likelihood calculator 106 calculates the likelihood of a match between each frame and each keyword
HMM, and outputs the calculated likelihood to the matching processor 109.
[0127] According to this embodiment, the first likelihood calculator 106 calculates probabilities, including the proba-
bility of each frame corresponding to each HMM stored in the keyword model database 104 based on each feature
values of each frames and the feature values of the HMMs stored in the keyword model database 104.
[0128] Specifically, the first likelihood calculator 106 calculates output probability which represents the probability of
each frame corresponding to each keyword component HMM. Furthermore, it calculates state transition probability
which represents the probability that a state transition from an arbitrary frame to the next frame is matched with a state
transition from each keyword component HMM to another keyword component HMM or an extraneous-speech com-
ponent. Then, the first likelihood calculator 106 outputs these calculated probabilities as likelihoods to the matching
processor 109.
[0129] Incidentally, state transition probabilities include probabilities of a state transition from a keyword component
HMM to the same keyword component HMM as well.
[0130] Furthermore, the first likelihood calculator 106 outputs each output probability and each state transition prob-
ability calculated for each frame as likelihood for each frame to the matching processor 109.
[0131] In the second likelihood calculator 107, a correction value outputted by the correction processor 108 and each
feature vector of each frame are inputted. Then, by comparing the feature values of inputted frames and the feature
value of the extraneous-speech component HMM stored in the garbage model database 105 and by adding the cor-
rection value, the second likelihood calculator 107 calculates the likelihood of a match between each frame and the
extraneous-speech component HMM.
[0132] According to this embodiment, based on the feature value of each frame and the feature value of the com-
ponent HMM stored in the garbage model database 105, the second likelihood calculator 107 calculates the probability
of each frame corresponding to the HMM stored in the garbage model database 105.
[0133] Specifically, the second likelihood calculator 107 calculates output probability which represents the probability
of each frame corresponding to the extraneous-speech component HMM. Furthermore, it calculates state transition
probability which represents the probability that a state transition from an arbitrary frame to the next frame is matched
with a state transition from an extraneous-speech component to each keyword component HMM. Then, the second
likelihood calculator 107 outputs these calculated probabilities as likelihoods to the matching processor 109.
[0134] Incidentally, state transition probabilities include probabilities of a state transition from an extraneous-speech
component HMM to the same extraneous-speech component HMM as well.
[0135] The second likelihood calculator 107 outputs each output probability and each state transition probability
calculated for each frame as likelihood for each frame to the matching processor 109.
[0136] In the correction processor 108, surrounding sounds of spontaneous speech collected by a microphone (not
shown) are inputted, the correction processor 108 calculates a correction value based on the inputted surrounding
sounds, and outputs the correction value to the second likelihood calculator 107 to set the correction value therein.
[0137] For example, according to this embodiment, the correction value for the extraneous-speech component HMM
is calculated based on the noise level of the collected surrounding sounds. Specifically, when the noise level is equal
or under -56 dB, the correction value α is given by Eq. (4).
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Incidentally β represents the likelihood calculated by the extraneous-speech component HMM. When the noise level
is -55 dB to -40 dB, the correction value α is given by Eq. (5).

When the noise level is -39 dB to -0 dB, no correction value is used and the zero correction value is set in the second
likelihood calculator 107.
[0138] In the matching processor 109, each frame-by-frame output probabilities and each (inputted) state transition
probabilities are inputted, the matching processor 109 performs a matching process to calculate cumulative likelihood,
which is the likelihood of each combination of each keyword component HMM and the extraneous-speech component
HMM, based on each inputted output probabilities and each (inputted) state transition probabilities, and outputs the
cumulative likelihood to the determining device 110.
[0139] Specifically, the matching processor 109 calculates one cumulative likelihood for each keyword (as described
later), and cumulative likelihood without a keyword, i.e., cumulative likelihood of the extraneous-speech component
model alone.
[0140] Incidentally, details of the matching process performed by the matching processor 109 will be described later.
[0141] In the determining device 110, the cumulative likelihood of each keyword which is calculated by the matching
processor 109 is inputted, and the determining device 110 outputs the keyword with the highest cumulative likelihood
determines it as a keyword contained in the spontaneous speech externally.
[0142] In deciding on the keyword, the determining device 110 uses the cumulative likelihood of the extraneous-
speech component model alone as well. If the extraneous-speech component model used alone has the highest cu-
mulative likelihood, the determining device 110 determines that no keyword is contained in the spontaneous speech
and outputs this result externally.
[0143] Next, description will be given about the matching process performed by the matching processor 109 accord-
ing to this embodiment.
[0144] The matching process according to this embodiment calculates the cumulative likelihood of each combination
of a keyword model and an extraneous-speech component model using the Viterbi algorithm.
[0145] The Viterbi algorithm is an algorithm which calculates the cumulative likelihood based on the output probability
of entering each given state and the transition probability of transitioning from each state to another state, and then
outputs the combination whose cumulative likelihood has been calculated after the cumulative probability.
[0146] Generally, the cumulative likelihood is calculated first by integrating each Euclidean distance between the
state represented by the feature value of each frame and the feature value of the state represented by each HMM,
and then is calculated by calculating the cumulative distance.
[0147] Specifically, the Viterbi algorithm calculates cumulative probability based on a path which represents a tran-
sition from an arbitrary state i to a next state j, and thereby extracts each paths, i.e., connections and combinations of
HMMs, through which state transitions can take place.
[0148] In this embodiment, the first likelihood calculator 106 and the second likelihood calculator 107 calculate each
output probabilities and each state transition probabilities by matching the output probabilities of keyword models or
the extraneous-speech component model and thereby state transition probabilities against the frames of the inputted
spontaneous speech one by one beginning with the first divided frame and ending with the last divided frame, calculates
the cumulative likelihood of an arbitrary combination of a keyword model and extraneous-speech components from
the first divided frame to the last divided frame, determines the arrangement which has the highest cumulative likelihood
in each keyword model/extraneous-speech component combination by each keyword model, and outputs the deter-
mined cumulative likelihoods of the keyword models one by one to the determining device 110.
[0149] For example, in case where the keywords to be recognized are "present location" and "destination" and the
inputted spontaneous speech entered is "er, present location", the matching process according to this embodiment is
performed as follows.
[0150] It is assumed here that extraneous speech is "er," that the garbage model database 105 contains one extra-
neous-speech component HMM which represents features of all extraneous-speech components, that the keyword
database contains HMMs of each syllables of "present" and "destination," and that each output probabilities and state
transition probabilities calculated by the likelihood calculator 106 and the second likelihood calculator 107 have already
been inputted in the matching processor 109.
[0151] In such a case, according to this embodiment, the Viterbi algorithm calculates cumulative likelihood of all
arrangements in each combination of the keyword and extraneous-speech components for the keywords "present"

α = β 3 (- 0.10) Eq. (4)

α = β 3 (- 0.05) Eq. (5)
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and "destination" based on the output probabilities and state transition probabilities.
[0152] Specifically, when an arbitrary spontaneous speech is inputted, cumulative likelihoods of the following patterns
of each combination are calculated based on the output probabilities and state transition probabilities: "p-r-e-se-n-t
####," "# p-r-e-se-n-t ####," "## p-r-e-se-n-t ##," "### p-r-e-se-n-t #," and "#### p-r-e-se-n-t" for the keyword of "p-r-
e-se-n-t" and "d-e-s-t-i-n-a-ti-o-n ####," "# d-e-s-t-i-n-a-ti-o-n ###," "## d-e-s-t-i-n-a-ti-o-n ##," "### d-e-s-t-i-n-a-ti-o-
n #," and "#### d-e-s-t-i-n-a-ti-o-n" for the keyword of "destination" (where # indicates an extraneous-speech compo-
nent).
[0153] The Viterbi algorithm calculates the cumulative likelihoods of all combination patterns over all the frame of
spontaneous speech beginning with the first frame for each keyword, in this case, "present location" and "destination."
[0154] Furthermore, in the process of calculating the cumulative likelihoods of each arrangement for each keyword,
the Viterbi algorithm stops calculation halfway for those arrangements which have low cumulative likelihood, determin-
ing that the spontaneous speech do not match those combination patterns.
[0155] Specifically, in the first frame, either the likelihood of the HMM of "p," which is a keyword component HMM of
the keyword "present location," or the likelihood of the extraneous-speech component HMM is included in the calculation
of the cumulative likelihood. In this case, a higher cumulative likelihood provides the calculation of the next cumulative
likelihood. In the above example, the likelihood of the extraneous-speech component HMM is higher than the likelihood
of the HMM of "p," and thus calculation of the cumulative likelihood for "p-r-e-se-n-t ####" is terminated after "p."
[0156] Thus, in this type of matching process, only one cumulative likelihood is calculated for each keyword "present
location" and "destination."
[0157] Next, a keyword recognition process according to this embodiment will be described with reference to FIG. 6.
[0158] FIG. 6 is a flowchart showing operation of the keyword recognition process according to this embodiment.
[0159] First, when a control panel or controller (not shown) inputs instructions each part to start a keyword recognition
process and spontaneous speech is inputted the microphone 101 (Step S11), the input processor 102 extracts speech
signals of the spontaneous speech from inputted speech signals (Step S12), divides the extracted speech signals into
frames of a predetermined duration, and outputs them to the speech analyzer 103 by each frame (Step S13).
[0160] Then, the following processes are performed on a frame-by-frame basis.
[0161] First, the speech analyzer 103 extracts the feature value of the inputted speech signal in each frame, and
outputs it to the first likelihood calculator 106 and second likelihood calculator 107 (Step S14).
[0162] Specifically, based on the speech signal in each frame, the speech analyzer 103 extracts spectral envelope
data that represents power at each frequency at regular time intervals or cepstrum data obtained from an inverse
Fourier transform of the logarithm of the power spectrum as the feature values of speech ingredient, converts the
extracted feature values into vectors, and outputs the vectors to the first likelihood calculator 106 and second likelihood
calculator 107.
[0163] Next, the first likelihood calculator 106 compares the feature value of the inputted frame with the feature
values of each HMMs stored in the keyword model database 104, calculates the output probability and state transition
probability of the frame with respect to each HMM model (as described above), and outputs the calculated output
probabilities and state transition probabilities to the matching processor 109 (Step S15).
[0164] Next, the second likelihood calculator 107 compares the feature value of the inputted frame with the feature
value of the extraneous-speech component HMM model stored in the garbage model database 105, calculates the
output probability and state transition probability of the frame with respect to the extraneous-speech component HMM
(as described above) (Step S16).
[0165] Then, the second likelihood calculator obtains the correction value calculated in advance by the correction
processor 108 using the method described above, adds the correction value to the output probability and state transition
probability of the frame with respect to the extraneous-speech component HMM, and outputs the resulting output
probability and state transition probability (with correction value) to the matching processor 109 (Step S17).
[0166] Next, the matching processor 109 calculates the cumulative likelihood of each keyword in the matching proc-
ess described above (Step S18).
[0167] Specifically, the matching processor 109 integrates each likelihoods of each keyword HMM and the extrane-
ous-speech component HMM, and eventually calculates only the highest cumulative likelihood for the type of each
keyword.
[0168] Then, at the instruction of the controller (not shown), the matching processor 109 determines whether the
given frame is the last divided frame (Step S19). If the matching processor 109 determines as the last divided frame,
the matching processor 109 outputs the highest cumulative likelihood for each keyword to the determining device 110
(Step S20). If the frame is not determined as the last divided one, this operation performs the process of Step S14.
[0169] Finally, based on the cumulative likelihood of each keyword, the determining device 110 outputs the keyword
with the highest cumulative likelihood as the keyword contained in the spontaneous speech externally (Step S21). This
concludes the operation.
[0170] Thus, according to this embodiment, since keywords and spontaneous speech are identified properly based
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on the stored extraneous-speech component feature data, the extraneous speech can be identified properly using a
small amount of data, making it possible to increase identifiable extraneous speech without increasing the amount of
data needed for recognition of extraneous speech and improve the accuracy with which keywords are extracted and
recognized.
[0171] Specifically, when the garbage model are generated with feature values of speech ingredients of a plurality
of extraneous words, relatively low likelihoods of each HMMs are accumulated over the entire spontaneous speech
during speech recognition. Consequently, a combination of extraneous speech HMM and a keyword HMM to be rec-
ognized may have a lower cumulative likelihood than the one calculated for other combination of other keyword HMM
and extraneous speech HMM which is matched accidentally. In that case, surrounding sounds such as noise around
where the spontaneous speech is uttered may cause misrecognition if they are loud enough to be picked up by the
speech recognition apparatus.
[0172] However, according to this embodiment, since the likelihood of a match between the extracted spontaneous-
speech feature values and the extraneous-speech feature HMM is calculated by using a preset correction value and
at least either the keywords to be recognized or the extraneous speech contained in the spontaneous speech is de-
termined based on the calculated likelihood, identifiable extraneous speech can be increase without increasing the
amount of data needed for recognition of extraneous speech and the accuracy with which keywords are extracted and
recognized is improved.
[0173] Furthermore, according to this embodiment, since the likelihood of a match between the extracted spontane-
ous-speech feature values and the extraneous-speech feature HMM is calculated by using a preset correction value,
the calculated likelihood can be adjusted.
[0174] Consequently, even under conditions in which misrecognition could occur due to noise level around where
the spontaneous speech is uttered or due to calculation error produced when preparing extraneous-speech feature
data by combining characteristics of a plurality of feature values to reduce the amount of data, the likelihood of a match
between the extracted spontaneous-speech feature values and the extraneous-speech feature data can be adjusted
by using a correction value. This makes it possible to identify the extraneous speech and keywords properly, which in
turn makes it possible to prevent misrecognition and recognize keywords reliably.
[0175] Incidentally, although extraneous-speech component models are generated based on syllables according to
this embodiment, of course, they may be generated based on phonemes or other units.
[0176] Furthermore, although one extraneous-speech component HMM is stored in the garbage model database
105 according to this embodiment, an HMM which represents feature values of extraneous-speech components may
be stored for each group of a plurality of each type of phonemes, or each vowels, consonants.
[0177] In this case, the feature values computed on a frame-by-frame basis in the likelihood calculation process will
be the extraneous-speech component HMM and likelihood of each extraneous-speech component.
[0178] Furthermore, although the keyword recognition process is performed by the speech recognition apparatus
described above according to this embodiment, the speech recognition apparatus may be equipped with a computer
and recording medium and a similar keyword recognition process may be performed as the computer reads a keyword
recognition program stored on the recording medium.
[0179] Here, a DVD or CD may be used as the recording medium.
[0180] In this case, the speech recognition apparatus will be equipped with a reading device for reading the program
from the recording medium.
[0181] Although according to this embodiment, the correction value is added to the likelihood of a match between
the extraneous-speech component HMM and feature values of frames based on the noise level of surrounding sounds
around where the spontaneous speech is uttered, it is also possible to use a correction value calculated empirically in
advance.
[0182] In this case, for example, the correction value is obtained by multiplying the likelihood calculated in a normal
manner by ±0.1. Thus, the correction value α is given by Eq. (6).

Incidentally β represents the likelihood calculated by the extraneous-speech component HMM.

[Second embodiment]

[0183] FIGS. 7 to 8 are diagrams showing a speech recognition apparatus according to a fourth embodiment of the
present invention.
[0184] This embodiment differs from the first embodiment in that a correction value is calculated by using the word
length of the keyword to be recognized, i.e., the length ratio between spontaneous speech and the keyword contained

α = β 3 (± 0.10 ) Eq. (6)
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in the spontaneous speech instead of a setting operation of a correction value calculated based on the noise level of
the surrounding sounds collected by the correction processor. In other respects, the configuration of this embodiment
is similar to that of the first embodiment. Thus, the same components as those in the first embodiment are denoted by
the same reference numerals as the corresponding components and description thereof will be omitted.
[0185] First, configuration of the speech recognition apparatus according to this embodiment will be described with
reference to FIG. 7.
[0186] As shown in FIG. 7, the speech recognition apparatus 200 comprises a microphone 101, input processor 102,
speech analyzer 103, keyword model database 104, garbage model database 105, first likelihood calculator 106, sec-
ond likelihood calculator 107, correction processor 120 which makes corrections based on the lengths of the keyword
and spontaneous speech when calculating likelihood for each frame based on the feature value of the frame and
extraneous-speech component HMM, matching processor 109, and determining device 110.
[0187] In the correction processor 120, the inputted keyword length acquired by the determining device 110 and the
inputted length of spontaneous speech acquired by the input processor 102 are inputted. Furthermore, the correction
processor 120 calculates the ratio of the keyword length to the length of the spontaneous speech, calculates a correction
value based on the calculated ratio of the keyword length, and outputs the calculated correction value to the second
likelihood calculator 107.
[0188] Specifically, when the length ratio is 0% to 39%, the correction value α is given by Eq. (7).

Incidentally, β represents the likelihood calculated by the extraneous-speech component HMM. When the length ratio
is 40% to 74%, no correction value is used.
[0189] When the length ratio is 75% to 100%, the correction value α is given by Eq. (8).

These correction values are output to the likelihood calculator 106.
[0190] Next, a keyword recognition process according to this embodiment will be described with reference to FIG. 8.
[0191] FIG. 8 is a flowchart showing operation of the keyword recognition process according to this embodiment.
[0192] First, when a control panel or controller (not shown) inputs instruction each part to start a keyword recognition
process and spontaneous speech are inputted to the microphone 101 (Step S31), the input processor 102 extracts
speech signals of the spontaneous speech from inputted speech signals (Step S32), divides the extracted speech
signals into frames of a predetermined duration, and outputs them to the speech analyzer 103 by each frame (Step S33).
[0193] Then, the following processes are performed on each frame-by-frame basis.
[0194] First, the speech analyzer 103 extracts the feature value of the speech signal in each frame, and outputs it
to the first likelihood calculator 106 (Step S34).
[0195] Specifically, based on the speech signal in each frame, the speech analyzer 103 extracts spectral envelope
data that represents power at each frequency at regular time intervals or cepstrum data obtained from an inverse
Fourier transform of the logarithm of the power spectrum as the feature values of speech ingredient, converts the
extracted feature values into vectors, and outputs the vectors to the first likelihood calculator 106 and second likelihood
calculator 107.
[0196] Next, the first likelihood calculator 106 compares the feature value of the inputted frame with the feature
values of each HMMs stored in the keyword model database 104, calculates the output probability and state transition
probability of the frame with respect to each HMM model (as described above), and outputs the calculated output
probabilities and state transition probabilities to the matching processor 109 (Step S35).
[0197] Next, the second likelihood calculator 107 compares the feature value of the inputted frame with the feature
value of the extraneous-speech component model HMM stored in the garbage model database 105, and thereby
calculates the output probability and state transition probability of the frame with respect to the extraneous-speech
component HMM (as described above) (Step S36).
[0198] Then, the second likelihood calculator obtains the correction value calculated in advance by the correction
processor 120 using the method described above, adds the correction value to the output probability and state transition
probability of the frame with respect to the extraneous-speech component HMM, and outputs the resulting output
probability and state transition probability to the matching processor 109 (Step S37).
[0199] The matching processor 109 calculates the cumulative likelihood of each keyword in the matching process
described above (Step S38).
[0200] Specifically, the matching processor 109 integrates each likelihoods of each inputted keyword HMM and the

α = β x (- 0.10) Eq. (7)

α = β 3 0.10 Eq. (8)



EP 1 355 296 A2

5

10

15

20

25

30

35

40

45

50

55

17

extraneous-speech component HMM, and eventually calculates only the highest cumulative likelihood for each type
of the keyword.
[0201] Then, at the instruction of the controller (not shown), the matching processor 109 determines whether the
given frame is the last divided frame (Step S39). If it is determined as the last divided frame, the matching processor
109 outputs the highest cumulative likelihood for each calculated keyword to the determining device 110 (Step S40).
If the frame is not determined as the last divided one, this operation performs the process of Step S34.
[0202] Then, based on the cumulative likelihood of each keyword, the determining device 110 outputs the keyword
with the highest cumulative likelihood as the keyword contained in the spontaneous speech (Step S41).
[0203] Next, the correction processor 120 obtains the length of the spontaneous speech from the input processor
102 and the keyword length from the determining device 110 and calculates the ratio of the keyword length to the
length of the spontaneous speech (Step S42).
[0204] Finally, based on the calculated ratio of the keyword length to the length of the spontaneous speech, the
correction processor 120 calculates the correction value described above (Step S43), and stores it for use in the next
operation. This concludes the current operation.
[0205] Thus, according to this embodiment, since keywords and spontaneous speech are identified properly based
on the stored extraneous-speech component feature data, the extraneous speech can be identified properly by using
a small amount of data, making it possible to increase identifiable extraneous speech without increasing the amount
of data needed for recognition of extraneous speech and improve the accuracy with which keywords are extracted and
recognized.
[0206] Furthermore, according to this embodiment, since the likelihood of a match between the extracted spontane-
ous-speech feature values and the extraneous-speech feature HMM using a preset correction value is calculated, the
likelihood using the preset correction value can be adjusted.
[0207] Consequently, even under conditions in which misrecognition could occur due to calculation error produced
when preparing extraneous-speech feature data by combining characteristics of a plurality of feature values to reduce
the amount of data, the likelihood of a match between the extracted spontaneous-speech feature values and the ex-
traneous-speech feature data can be adjusted by using a correction value. This makes it possible to identify the ex-
traneous speech and keywords properly, which in turn makes it possible to prevent misrecognition and recognize
keywords reliably.
[0208] Incidentally, although extraneous-speech component models are generated based on syllables according to
this embodiment, of course, they may be generated based on phonemes or other units.
[0209] Furthermore, although one extraneous-speech component HMM is stored in the garbage model database
105 according to this embodiment, an HMM which represents feature values of extraneous-speech components may
be stored for each group of a plurality of each type of phonemes, or each vowels, consonants.
[0210] In that case, the feature values computed on a frame-by-frame basis in the likelihood calculation process will
be the extraneous-speech component HMM and likelihood of each extraneous-speech component.
[0211] Furthermore, although the keyword recognition process is performed by the speech recognition apparatus
described above according to this embodiment, the speech recognition apparatus may be equipped with a computer
and recording medium and a similar keyword recognition process may be performed as the computer reads a keyword
recognition program stored on the recording medium.
[0212] On the speech recognition apparatus which executes the keyword recognition program, a DVD or CD may
be used as the recording medium.
[0213] In that case, the speech recognition apparatus will be equipped with a reading device for reading the program
from the recording medium.

Claims

1. A speech recognition apparatus for recognizing at least one of keywords contained in uttered spontaneous speech,
characterized in that said apparatus comprises:

an extraction device for extracting a spontaneous-speech feature value, which is feature value of speech
ingredient of the spontaneous speech, by analyzing the spontaneous speech;
a database (104, 105) in which at least one of keyword feature data indicating feature value of speech ingre-
dient of said keyword and at least one of an extraneous-speech feature data indicating feature value of speech
ingredient of extraneous-speech is prestored,
a calculation device (106, 107) for calculating likelihood which indicates probability that at least part of the
feature values of the extracted spontaneous speech is matched with said keyword feature data and said ex-
traneous-speech feature data; and
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a determining device (109, 110) for determining at least one of said keywords to be recognized and said
extraneous-speech based on the calculated likelihood,

wherein the calculation device (106, 107) calculates the likelihood by using a predetermined correction value
when said calculation device (106, 107) calculates the likelihood which indicates probability that at least part of
the feature values of the extracted spontaneous speech is matched with said extraneous-speech feature data.

2. The speech recognition apparatus according to claim 1, further comprising a setting device for setting the correction
value based on noise level around where the spontaneous speech is uttered, and

wherein the calculation device (106, 107) calculates the likelihood by using the set correction value when
said calculation device (106, 107) calculates the likelihood which indicates probability that at least part of the
feature values of the extracted spontaneous speech is matched with said extraneous-speech feature data.

3. The speech recognition apparatus according to claim 1, further comprising a setting device for setting the correction
value based on the ratio between duration of the determined keyword and duration of the spontaneous speech
when the determining device (109, 110) determines at least one of said keywords to be recognized and said ex-
traneous speech based on the calculated likelihood, and

wherein said calculation device (106, 107) calculates the likelihood by using the set correction value when
said calculation device (106, 107) calculates the likelihood which indicates probability that at least part of the
feature values of the extracted spontaneous speech is matched with said extraneous-speech feature data.

4. The speech recognition apparatus according to any one of claims 1 to 3, wherein said extraneous-speech feature
data prestored in said database (104, 105) has data of feature values of speech ingredient of a plurality of the
extraneous-speech.

5. The speech recognition apparatus according to any one of claims 1 to 4, in case where an extraneous-speech
component feature data indicating feature value of speech ingredient of extraneous-speech component which is
component of the extraneous speech is prestored in said database (104, 105), wherein:

said calculation device (106, 107) for calculating likelihood based on said extraneous-speech component fea-
ture data when said calculation device (106, 107) calculates the likelihood which indicates probability that at
least part of the feature values of the extracted spontaneous speech is matched with said extraneous-speech
feature data, and
said determining device (109, 110) for determining at least one of said keywords to be recognized and said
extraneous-speech based on the calculated likelihood.

6. A speech recognition method of recognizing at least one of keywords contained in uttered spontaneous speech,
characterized in that said method comprises:

an extraction process of extracting a spontaneous-speech feature value, which is feature value of speech
ingredient of the spontaneous speech, by analyzing the spontaneous speech;
an acquiring process of acquiring at least one of keyword feature data indicating feature value of speech
ingredient of said keyword and at least one of an extraneous-speech feature data indicating feature value of
speech ingredient of extraneous-speech, said keyword feature data and extraneous-speech feature data
prestoring in a database (104, 105);
a calculation process of calculating likelihood which indicates probability that at least part of the feature values
of the extracted spontaneous speech is matched with said keyword feature data and said extraneous-speech
feature data; and
a determination process of determining at least one of said keywords to be recognized and said extraneous-
speech based on the calculated likelihood,

wherein said calculation process calculates the likelihood by using a predetermined correction value when
said calculation process calculates the likelihood which indicates probability that at least part of the feature values
of the extracted spontaneous speech is matched with said extraneous-speech feature data.

7. The speech recognition method according to claim 6, further comprising a setting process of setting the correction
value based on noise level around where the spontaneous speech is uttered, and

wherein said calculation process calculates the likelihood by using the set correction value when said cal-
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culation process calculates the likelihood which indicates probability that at least part of the feature values of the
extracted spontaneous speech is matched with said extraneous-speech feature data.

8. The speech recognition method according to claim 6, further comprising a setting process of setting the correction
value based on the ratio between duration of the determined keyword and duration of the spontaneous speech
when the determination process determines at least one of said keywords to be recognized and said extraneous
speech based on the calculated likelihood, and

wherein said calculation process calculates the likelihood by using the set correction value when said cal-
culation process calculates the likelihood which indicates probability that at least part of the feature values of the
extracted spontaneous speech is matched with said extraneous-speech feature data.

9. The speech recognition method according to any one of claims 6 to 8, wherein said extraneous-speech feature
data prestored in said database (104, 105) has data of feature values of speech ingredient of a plurality of the
extraneous-speech.

10. The speech recognition method according to any one of claims 6 to 9, in case where an extraneous-speech com-
ponent feature data indicating feature value of speech ingredient of extraneous-speech component which is com-
ponent of the extraneous speech is prestored in said database (104, 105), wherein:

said calculation process of calculating likelihood based on said extraneous-speech component feature data
when said calculation process calculates the likelihood which indicates probability that at least part of the
feature values of the extracted spontaneous speech is matched with said extraneous-speech feature data, and
said determination process of determining at least one of said keywords to be recognized and said extraneous-
speech based on the calculated likelihood.

11. A recording medium wherein a speech recognition program is recorded so as to be read by a computer, the com-
puter included in a speech recognition apparatus for recognizing at least one of keywords contained in uttered
spontaneous speech, characterized in that said program causes the computer to function as:

an extraction device for extracting a spontaneous-speech feature value, which is feature value of speech
ingredient of the spontaneous speech, by analyzing the spontaneous speech;
an acquiring device (106, 107) for acquiring at least one of keyword feature data indicating feature value of
speech ingredient of said keyword and at least one of an extraneous-speech feature data indicating feature
value of speech ingredient of extraneous-speech, said keyword feature data and extraneous-speech feature
data prestoring in a database (104, 105)
a calculation device (106, 107) for calculating likelihood which indicates probability that at least part of the
feature values of the extracted spontaneous speech is matched with said keyword feature data and said ex-
traneous-speech feature data; and
a determining device (109, 110) for determining at least one of said keywords to be recognized and said
extraneous-speech based on the calculated likelihood,

wherein said calculation device (106, 107) calculates the likelihood by using a predetermined correction
value when said calculation device (106, 107) calculates the likelihood which indicates probability that at least part
of the feature values of the extracted spontaneous speech is matched with said extraneous-speech feature data.

12. The recording medium according to claim 11, wherein the program further causes the computer to function as a
setting device for setting the correction value based on noise level around where the spontaneous speech is
uttered, and

wherein said calculation device (106, 107) calculates the likelihood by using the set correction value when
said calculation device (106, 107) calculates the likelihood which indicates probability that at least part of the
feature values of the extracted spontaneous speech is matched with said extraneous-speech feature data.

13. The recording medium according to claim 11, wherein the program further causes the computer to function as a
setting device for setting the correction value based on the ratio between duration of the determined keyword and
duration of the spontaneous speech when the determining device (109, 110) determines at least one of said key-
words to be recognized and said extraneous speech based on the calculated likelihood, and

wherein said calculation device (106, 107) calculates the likelihood by using the set correction value when
said calculation device (106, 107) calculates the likelihood which indicates probability that at least part of the
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feature values of the extracted spontaneous speech is matched with said extraneous-speech feature data.

14. The recording medium according to any one of claims 11 to 13, wherein the program further causes the computer
to function as said extraneous-speech feature data prestored in said database (104, 105) has data of feature
values of speech ingredient of a plurality of the extraneous-speech.

15. The recording medium according to any one of claims 11 to 14, in case where an extraneous-speech component
feature data indicating feature value of speech ingredient of extraneous-speech component which is component
of the extraneous speech is prestored in said database (104, 105), wherein the program further causes the com-
puter to function as:

said calculation device (106, 107) for calculating likelihood based on said extraneous-speech component fea-
ture data when said calculation device (106, 107) calculates the likelihood which indicates probability that at
least part of the feature values of the extracted spontaneous speech is matched with said extraneous-speech
feature data, and
said determining device (109, 110) for determining at least one of said keywords to be recognized and said
extraneous-speech based on the calculated likelihood.
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